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^ (54) Catalyst and process for purifying exhaust gases. 

n (57) Disclosed are a catalyst and a process for purifying exhaust gases. The catalyst includes a porous 
fjj support, Pt and/or Pd loaded on the porous support, and at least two ingredients loaded thereon and 
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capable of reacting with NO x and S0 2 contained in the exhaust gases to form nitrates and composite 
sulfates. Since the resulting composite sulfates are likely to decompose at low temperatures in the 
oxygen-lean atmospheres (i.e., in the fuel-rich atmospheres), the catalyst can absorb more NO x thereon. 
As a result, the catalyst can purify more NO x . Further, a second ingredient selected from the group 
consisting of transition elements can substitute for one of the two co-catalysts. Moreover, the catalyst is 
superb in the NO x purifying performance even after being subjected to a harsh durability test In the 
process, the catalyst is brought into contact with oxygen-rich exhaust gases, whose oxygen concentra- 
tions are the stoichiometric point or more required for oxidizing the components to be oxidized therein. 



2 



EP 0 613 714 A2 



BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to a catalyst for purifying exhaust gases and a process for purifying exhaust 

gases. More particularly, it relates to the catalyst and the process which can efficiently purify nitrogen oxides 
(NOJ in the exhaust gases which contain oxygen in excessive amounts required for oxidizing carbon monoxide 
(CO) and hydrocarbons (HC) therein. 

10 Description of Related Art 

As catalysts for purifying automotive exhaust gases, there have been employed 3-way catalysts so far 
which oxidize CO and HC and reduces NO x simultaneously to purify the exhaust gases. For example, the 3- 
way catalysts have been known widely which comprise a heat resistant support formed of cordierite, a catalyst 

15 carrier layer formed of gamma-alumina and disposed on the support, and a noble metal selected from the group 
consisting of Pt, Pd and Rh and loaded on the catalyst carrier layer. 

The purifying performance of the 3-way catalysts for purifying exhaust gases depends on the air-fuel ratio 
(A/F) of automotive engine. For instance, when the air-fuel ratio is large, i.e., when the fuel concentration is 
small (or on the fuel-lean side), the oxygen concentration is large. Accordingly, the oxidation reactions purifying 

20 CO and HC are active, but the reduction reactions purifying NO x are inactive. On the other hand, when the 
air-fuel ratio is small, i.e., when the fuel concentration is more (or on the fuel-rich side), the oxygen concen- 
tration is small. Accordingly, the oxidation reactions are inactive, but the reduction reactions are active. 

Moreover, when driving automobiles, especially when driving automobiles in urban areas, the automobiles 
are accelerated and decelerated frequently. Consequently, the air-fuel ratio varies frequently in the range of 

25 from the values adjacent to the stoichiometric point (or the ideal air-fuel ratio) to the fuel-rich side. In order to 
satisfy the low fuel consumption requirement during the driving in urban areas, it is necessary to operate the 
automobiles on the fuel-lean side where the air-fuel mixture containing oxygen as excessive as possible is 
supplied to the engines. Hence, it has been desired to develop a catalyst which is capable of adequately pur- 
ifying NO x on the fuel-lean side (i.e., in the oxygen-rich atmospheres). 

30 Under the circumstances, as set forth in Japanese Unexamined Patent Publication (KOKAI) No. 5-168860, 

the applicants of the present invention disclosed a catalyst with rare-earth elements including La, and Pt load- 
ed. With the catalyst, NO x is absorbed on the rare-earth elements during the the fuel-lean side (i.e., in the oxy- 
gen-rich atmospheres) driving, and it is purified by reacting with the reducing gases such as HC and the like, 
when the automobiles are driven under the air-fuel ratios at the stoichiometric point or on the fuel-rich side 

35 (i.e., in the oxygen-lean atmospheres). Thus, the catalyst is superb in the purifying performance of NO x even 
on the fuel-lean side (i.e., in the oxygen-rich atmospheres). The catalyst is believed to provide the advanta- 
geous effect because the rare-earth elements are loaded on the support in a form of the simple oxides and 
the simple oxides of the rare-earth elements and they react with NO x so as to produce the nitrates thereof. 
However, the exhaust gases usually contain S0 2 which are produced by burning sulfur (S) contained in 

40 the fuel. Further, the catalyst ingredient oxidizes S0 2 to S0 3 in the oxygen-rich atmospheres (i.e., on the fuel- 
lean side). Then, S0 3 reacts readily with water contained in the exhaust gases to produce sulfuric acid. The 
sulfate ions or the sulfite ions react with rare-earth elements to produce the sulfates or the sulfites incapable 
of absorbing NO x . Accordingly, the catalyst is not completely satisfactory in terms of the NO x purifying perfor- 
mance and the durability of the performance at elevated temperatures. 

45 

SUMMARY OF THE INVENTION 

The present invention has been developed in view of the aforementioned circumstances. It is therefore an 
object of the present invention to efficiently purify NO x in exhaust gases containing oxygen in excessive 
so amounts and improve the catalyst in terms of the durability of the NO x purifying performance at elevated tem- 
peratures. 

In accordance with the present invention, a catalyst or a process comes to be able to carry out the above 
object, and they can simultaneously purify carbon monoxide, hydrocarbons and nitrogen oxides in exhaust 
gases in oxygen-rich atmospheres, thereby purifying the exhaust gases. It is one of the features of the present 
55 invention that novel and specific ingredients are loaded on the catalyst for purifying exhaust gases which is 
brought into contact with the exhaust gases containing oxygen in excessive amounts. Unless otherwise spe- 
cified, the loading amounts of the catalyst ingredient or the following ingredients mean the amounts thereof 
loaded on a unit volume of a porous support and expressed in grams or moles with respect the unit volume 
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(e.g., 1 liter). 

m^ Fir ? ^'i' 81 ' eaSt °" e C3ta,ySt inaredient se,ected 1 rom the 9raup consisting of platinum (Pt) and palladium 
n pV! 7tl ^ a , C8 ? y8t accordin9 to the P resent - 11 is Purred to load rhodium (Rh) thereon in addition 
to Pt and Pd The loading amount of the catalyst ingredient can preferably fall in a range of from 0 1 to 10 
grams/lrter when one of the catalyst ingredients are loaded thereon independently, and it can preferably fall 
.narange offromO/l tolOgrams/literin total when theyare combined and loaded thereon. The loading amount 
can further preferably fall in a range of 0.5 to 3.0 grams/liter. 

tn J" a h fireta * pectof * he P resent invention, a catalyst according to the present invention comprises, in addition 
llll abOV !; ° atalySt in 9 redients - at least two ingredients loaded thereon. The ingredients are se- 

lected from the group consisting of rare-earth elements including La, and they can preferably be lanthanides 

nnt^o n , /,f * ^ The '° ading am ° UntS ° f tne two in 9redients can preferably fall in a range of from 

,n . t0taL Whe " tHe in9redfentS are loaded in an amount of ,ess "an the loweMimit, the 
n U l b J! y ° f the NO * punfvin 9 Performance deteriorates at elevated temperatures. When the ingredients are 
loaded m an amount more than the upper limit, the advantageous effects resulting from the loading saturate 
and the porous support diminishes the surface area. Hence, it is unpreferable to load the ingredients in such 
loading amounts deviating from the range. 

at1l il!Ln f e t C h° nd K SPe ? ° f ^ Pr6Sent invention ' a catalvst according to the present invention comprises, in 
f 0 "^ ab ° Ve ; .^'^ CatalySt in 9 redients - at least °ne first ingredient loaded thereon, and at least 
IrTn? T f I?™* there ° n - The f irSt in9redient fe se,ected from the 9 ro "P insisting of rare-earth 
Z £1 m r Se °° nd in 9 redient is se,ected f "*i ^e group consisting of transition elements such 

I It t ?°, an w rare-earth elements including La can preferably be lanthanides such as La, Pr Nd 

11*?' «* d '"f am ° Unt ° f the f irSt in 9 redient < or 'he rare-earth element ingredient) can preferably fall in 
a range of from 0.05 to 1.0 mole/liter. The loading amount of the second ingredient (or the transition etement 
ingredient) can preferably fall in a range of from 0.05 to 1.0 mole/liter. The loading amount of the first ingredient 
tote. ^ °l th ? e ? nd in9redfent 030 Preferab,y fa " in a ran 9 e of f rom 0.1 to 2.0 moles/liter in 
T a ^v t . J!*JX T a " d tHe S6COnd in9redtent are ,oaded in an amount of ^ than the lower limit, 
the durability of the NO, purifying performance deteriorates at elevated temperatures. When the first ingredient 

suiZ from*. S! \ are / 0ad ^ d J n an amount m °re than the upper limit the advantageous effects re- 
fnSr , ? ^? turate>and ^ Poroueeupportdiminishesthesurface area. Hence, it isunpreferable 
to load the first .ngred.ent and the second ingredient in such loading amounts deviating from the range 

ri Jn^ In t SPe °!, 0f th ! T 86 " 1 inVenti ° n ' 3 acc °rding to the present invention comprises, in ad- 

are f ab0va : descr,bed catelvst ingredients, at least two ingredients loaded thereon. The ingredients 
are selected from the group consisting of alkali metals, and they can preferably be K, Li, Na, Rb and Cs The 
oading amounts of the two ingredients (or the two alkali metal ingredients) can preferably fall in a range of 
r d 1 ° 2 ° mo,e ^ literi " total. When the ingredients are loaded in an amount of less than the loweMimit 
» tnarf h * perf ° rmance d eteriorates at eievated temperatures. When the ingredients 

1 Z a " am ° U m ° re tha " the " PPer Nmit - the adva ntageous effects resulting from the loading sat- 
3h "iIh P ° rOU f l UPP ° rt diminishe s the surface area. Hence, it is unpreferable to load the ingredients in 
such loading amounts deviating from the range. 

n Jnfl T nt l ° f J 16 L PreS6nt inVenti ° n ' 3 Cata,yst acc °rding to the present invention comprises, in ad- 

flcnnH ^ ^ ' m ^™ s ' at one first ingredient loaded thereon, and at least one 

Th^sl "T J° aded '"f re ° n - f in9redient fe S6,eCted f rom ^ group consisting of alkali metals 
The second ingredient ,s selected from the group consisting of rare-earth elements includes La. The alkali 
metals can preferably be K, Li. Ma. Rb and Cs. The rare-earth elements including La can preferab.y be Ian ha 
orefer^N ' Nd "I?" 1 - IOadin9 am ° Unt ° f the f ifSt in 9 redient (°r the alkali metal ingredient) cLn 

If a . ran9e . T 0 05 t0 10 m0,e/Mter - The '° adin9 amount of ^e second ingredient (or tte 
rare-earth element .ngred.ent) can preferably fall in a range of from 0.05 to 1.0 mole/liter. The loading amount 

0 1 to 2? m l r Sr^ an A the wSf din9 K am ° Unt ° f the SSCOnd in9redient <*" preferab,y fa » in a ^g' o" rom 
11 I ? t °u taL Whe " tHe f irSt in9redient and the second ingredient are loaded in an amount of 
When T * edurabilit y° f the NO x purifying performance deteriorates at elevated temperatures 

When the first .ngred.ent and the second ingredient are loaded in an amount more than the upper limit the 

Hence^Tn K, re f " 'I 0 ? ^ ,0adin9 SatUrate ' and lhe POTOUS SUpport finishes the surface area 

froTtteran^ ^ferabletoloadt he first ingredient and the second ingredient in such loading amounts deviating 

ditinn t a Z th a K SPe h ° f r 56 ? inVenti0 "' 3 Cata,yst ac0Ording to the Present invention comprises, in ad- 
d-on to the above-described catalyst ingredients, at least one first ingredient loaded thereon, and at least one 
second ingredient loaded thereon. The first ingredient is selected from the group consisting of alkali metals 
and ,t can preferably be K, Li, Na. Rb and Cs. The second ingredient is selected from the group conlTng of 
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transition elements, and it can preferably be Fe, Ni, Co and Mn. The loading amount of the first ingredient (or 
the alkali metal ingredient) can preferably fall in a range of from 0.05 to 1.0 mole/liter. The loading amount of 
the second ingredient (or the transition element ingredient) can preferably fall in a range of from 0.05 to 1.0 
mote/liter. The loading amount of the first ingredient and the loading amount of the second ingredient can pre- 

5 ferably fall in a range of from 0.1 to 2.0 moles/liter in total. When the first ingredient and the second ingredient 
are loaded in an amount of less than the lower limit, the durability of the NO x purifying performance deteriorates 
at elevated temperatures. When the first ingredient and the second ingredient are loaded in an amount more 
than the upper limit, the advantageous effects resulting from the loading saturate, and the porous support di- 
minishes the surface area. Hence, it is unpreferable to load the first ingredient and the second ingredient in 

10 such loading amounts deviating from the range. 

In a sixth aspect of the present invention, a catalyst according to the present invention comprises, in ad- 
dition to the above-described catalyst ingredients, at least two ingredients loaded thereon. The two ingredients 
are selected from the group consisting of alkaline-earth metals, and they can preferably be Mg, Ca, Ba and 
Sr. The loading amount of each of the two ingredients (or the two alkaline-earth metal ingredients) can pre- 

15 ferably fall in a range of from 0.05 to 1 .0 mole/liter, and the loading amounts of the two ingredients can pre- 
ferably fall in a range of from 0.1 to 2.0 moles/liter in total. When the ingredients are loaded in an amount of 
less than the lower limit, the durability of the NO x purifying performance deteriorates at elevated temperatures. 
When the ingredients are loaded in an amount more than the upper limit, the advantageous effects resulting 
from the loading saturate, and the porous support diminishes the surface area. Hence, it is unpreferable to 

20 load the ingredients in such loading amounts deviating from the range. 

In a seventh aspect of the present invention, a catalyst according to the present invention comprises, in 
addition to the above-described catalyst ingredients, at least one first ingredient loaded thereon, and at least 
one second ingredient loaded thereon. The first ingredient is selected from the group consisting of alkaline- 
earth metals, and it can preferably be Mg, Ca, Ba and Sr. The second ingredient is selected from the group 

25 consisting of rare-earth elements including La, and it can preferably be one of lanthanides such as La, Pr, Nd 
and Sm. The loading amount of the first ingredient (or the alkaline-earth metal ingredient) can preferably fall 
in a range of from 0.05 to 1 .0 mole/liter. The loading amount of the second ingredient (or the rare-earth element 
ingredient) can preferably fall in a range of from 0.05 to 1 .0 mole/liter. The loading amount of the first ingredient 
and the loading amount of the second ingredient can preferably fall in a range of from 0.1 to 2.0 moles/liter in 

30 total. When the first ingredient and the second ingredient are loaded in an amount of less than the lower limit, 
the durability of the NO x purifying performance deteriorates at elevated temperatures. When the first ingredient 
and the second ingredient are loaded in an amount more than the upper limit, the advantageous effects re- 
sulting from the loading saturate, and the porous support diminishes the surface area. Hence, it is unpreferable 
to load the first ingredient and the second ingredient in such loading amounts deviating from the range. 

35 In an eighth aspect of the present invention, a catalyst according to the present invention comprises, in 

addition to the above-described catalyst ingredients, a plurality of ingredients compositely loaded thereon. The 
ingredients are Ba, Li, La, Ce and Zr. These five ingredients can be compounded in any composition unlimit- 
edly. However, when the porous support is formed of alumina, it is preferred that Ba is compounded in an 
amount of from 8 to 45 mole % to 100 mole % of alumina, Li is compounded in an amount of from 4 to 18 mole 

40 % thereto, La is compounded in an amount of from 4 to 12 mole % thereto, Ce is compounded in an amount 
of from 1 7 to 45 mole % thereto, and Zr is compounded in an amount of from 4 to 9 mole % thereto. 

As to a material for constituting the porous support, it can, for example, be alumina, zeolite, zirconia, silica 
alumina, silica, or the like. These materials can be formed into the porous support, or they can be coated on 
a honeycomb support formed of cordierite, heat resistant metal, or the like. 

45 In accordance with a process of the present invention for purifying exhaust gases, either one of the eight 

present catalysts is brought into contact with oxygen-rich exhaust gases, whose oxygen concentrations are 
the stoichiometric point or more required for oxidizing the components to be oxidized therein, thereby purifying 
the exhaust gases. 

In the first aspect of the present invention, the present catalyst comprises at least two ingredients selected 
so from the group consisting of rare-earth elements including La and loaded compositely on the porous support. 
The two ingredients retrieve S0 2 contained in the exhaust gases into the present catalyst in a form of composite 
sulfates. 

In the second aspect of the present invention, the present catalyst comprises at least one first ingredient 
selected from the group consisting of rare-earth elements including La, and at least one second ingredient se- 
55 lected from the group consisting of Fe, Ni, Co and Mn. The first and second ingredients are loaded compositely 
on the porous support, and they retrieve S0 2 contained in the exhaust gases into the present catalyst in a form 
of composite sulfates. 

In the third aspect of the present invention, the present catalyst comprises at least two ingredients selected 
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form the group consisting of alkali metals and loaded compositely on the porous support The two ingredients 
retrieve S0 2 contained in the exhaust gases into the present catalyst in a form of composite sulfates. 

In the fourth aspect of the present invention, the present catalyst comprises at least one first ingredient 
selected from the group consisting of alkali metals, and at least one second ingredient selected from the group 
consisting of rare-earth elements including La. The first and second ingredients are loaded compositely on 
the porous support, and they retrieve SO z contained in the exhaust gases into the present catalyst in a form 
of composite sulfates. 

In the fifth aspect of the present invention, the present catalyst comprises at least one first ingredient se- 
lected from the group consisting of alkali metals, and at least one second ingredient selected from the group 
consisting of Fe, Ni, Co, and Mn. The first and second ingredients are loaded compositely on the porous sup- 
port, and they retrieve S0 2 contained in the exhaust gases into the present catalyst in a form of composite 
sulfates. 

In the sixth aspect of the present invention, the present catalyst comprises at least two ingredients selected 
form the group consisting of alkaline-earth metals and loaded compositely on the porous support. The two in- 
gredients retrieve S0 2 contained in the exhaust gases into the present catalyst in a form of composite sulfates. 

In the seventh aspect of the present invention, the present catalyst comprises at least one first ingredient 
selected from the group consisting of alkaline-earth metals, and at least one second ingredient selected from 
the group consisting of rare-earth elements including La. The first and second ingredients are loaded compo- 
sitely on the porous support, and they retrieve S0 2 contained in the exhaust gases into the present catalyst 
in a form of composite sulfates. 

In the eighth aspect of the present invention, the present catalyst comprises the five ingredients, e.g., Ba, 
Li, La, Ce and Zr, and loaded compositely on the porous support. The five ingredients retrieve S0 2 contained 
in the exhaust gases into the present catalyst in a form of composite sulfates. 

In the process for purifying exhaust gases according to the present invention, either one of the eight pres- 
ent catalysts is brought into contact with the oxygen-rich exhaust gases. Hence, S0 2 contained in the exhaust 
gases is retrieved by the action of the ingredients into the present catalysts in a form of composite sulfates. 

The resulting composite sulfates are more likely to decompose at low temperatures in the atmospheres 
ranging from the stoichiometric atmosphere to the fuel-rich atmospheres (i.e.. in the oxygen-lean atmos- 
pheres) than the simple sulfates resulting from the independent ingredients. As a result, the rare-earth element 
ingredients including La, the alkali metal ingredients and the alkaline-earth metal ingredients can reproduce 
their NO x storage abilities because the composite sulfates are likely to decompose and release S0 2 . 

Thus, in the fuel-lean atmospheres (i.e., in the oxygen-rich atmospheres), NO x is absorbed or stored in 
the present catalyst for purifying exhaust gases. Then , in atmospheres ranging from the stoichiometric atmos- 
phere to the fuel-rich atmospheres (i.e., in the oxygen-lean atmospheres), NO x is reacted with CO and HC 
contained in the exhaust gases, and it is reduced to N 2 . Namely, in the atmospheres ranging from stoichiometric 
atmosphere to the fuel-rich atmospheres (i.e., in the oxygen-lean atmospheres), NO x is reduced and purified, 
and at the same time CO and HC are oxidized and purified as well. 

With the above-described mechanism, it is believed that the present catalyst for purifying exhaust gases 
can maintain the NO x absorbing ability for a long period of time, and accordingly it can keep the catalyst activity 
high. In addition, when at least two of the rare-earth element ingredients, the alkali metal ingredients and the 
alkaline-earth metal ingredients are loaded compositely, they come to have smaller particle diameters, and 
they hardly grow to the crystalline sulfates because the composite sulfates are likely to decompose and release 
S0 2 . As a result, they can be kept to be hig hly dispersed for a long period of time, they can produce large surface 
areas capable of contacting NO x , and they can be disposed close to Pt and/or Pd so as to facilitate the catalyst 
reaction. Hence, the composite loading is believed to be one of the reasons why the present catalyst can keep 
the high catalyst activity even after it is subjected to a harsh durability test 

In particular, in the eighth aspect of the present invention, it is still under investigation how the five ingre- 
dients operate compositely or cooperatively so as to improve the durability of the present catalyst However 
the durability is believed to be enhanced, because Ba is a major component absorbing NO x and S0 2 and be^ 
cause the other four ingredients, e.g., Li, La. Ce and Zr. enable to readily decompose the composite sulfates 
resulting from the compounding of Ba and SO z or they act on the porous support, for instance, on the porous 
support formed of alumina, so as to prevent alumina from reacting with Ba. 

As having been described so far, in accordance with the present catalyst for purifying exhaust gases or 
the present process therefor, superb NO x purifying performance can be maintained even after a durability test 
is carried out. and NO x can be purified efficiently even in the atmospheres on the fuel-lean side where the 
exhaust gases contain oxygen in excessive amounts. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Having generally described the present invention, a further understanding can be obtained by reference 
to the specific preferred embodiments which are provided herein for purposes of illustration only and are not 
5 intended to limit the scope of the appended claims. Unless otherwise specified, a term, "parts," hereinafter 
means "parts by weight." 

First Preferred Embodiments 

10 100 parts of an alumina powder, 70 parts of alumina sol containing alumina in an amount of 10% by weight, 

1 5 parts of an aqueous aluminum nitrate solution containing aluminum nitrate in an amount of 40% by weight, 
and 30 parts of water were mixed, thereby preparing a slurry for coating. 

Then, a plurality of honeycomb supports formed of cordierite were immersed into the slurry, and thereafter 
each of them was blown to blow away the slurry in excess. After drying, each of the supports was burned at 

15 600 °Cfor 1 hour, thereby forming an alumina coating layer thereon. The alumina coating layer was thus coated 
on the support in an amount of 120 grams with respect to 1 liter of the support. 

Each of the honeycomb supports with the alumina coating layer formed thereon was immersed into an 
aqueous platinum dinitrodiammine solution or an aqueous palladium nitrate solution, and thereafter it was 
blown to blow away the water droplets in excess. After the blowing, each of the supports was dried at 250 °C 

20 for 3 hours, thereby loading Pt or Pd thereon. The loading amounts of Pt or Pd are set forth in Table 1 below. 

Finally, each of the honeycomb supports with Pt or Pd loaded was immersed into a mixed aqueous solution 
which contains nitrates of rare-earth elements including La in predetermined concentrations. The term, "rare- 
earth elements," hereinafter means "rare-earth elements including La." The rare-earth elements employed 
were La, Pr, Nd and Sm. Each of the mixed aqueous solutions was prepared by mixing the nitrates of rare- 

25 earth elements with water so as to load the rare-earth element ingredients in loading amounts set forth in Table 
1 below. Each of the supports was then blown to blow away the water droplets in excess. After drying, each 
of the supports was burned at 600 °C for 1 hour, thereby completing each of the present catalysts designated 
at No. 1 through No. 9 in Table 1. J] 

30 Second Preferred Embodiments 

A plurality of honeycomb supports with Pt loaded were prepared in the same manner as described in the 
"First Preferred Embodiments" section. Then, each of the supports was immersed into a mixed aqueous sol- 
ution which contains not only a nitrate of rare-earth elements but also a nitrate of transition elements in pre- 

35 determined concentrations. Each of the mixed aqueous solutions was prepared by mixing the nitrate of rare- 
earth elements and the nitrate of transition elements with water so as to load the rare-earth element ingredient 
and the transition element ingredient in loading amounts set forth in Table 1 below. The transition elements 
employed were Fe, Ni, Co and Mn. Each of the supports was then blown to blow away the water droplets in 
excess. After drying, each of the supports was burned at 600 °C for 1 hour, thereby completing each of the 

40 present catalysts designated at No. 10 through No. 21 in Table 1. 

First Comparative Examples 

First Comparative Examples, e.g., comparative catalysts designated at No. 22 through No. 29 in Table 1 
45 below, were prepared in the same manner as described in the "First Preferred Embodiments" section except 
that each of the honeycomb supports with Pt or Pd loaded was immersed into an aqueous solution which con- 
tains one and only nitrate of rare-earth elements, thereby loading one and only rare-earth element ingredient 
thereon. 

50 
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Examination for Purifying Performance 

Each of the present catalysts and the comparative catalysts was disposed in an exhaust line of an actual 
vehicle equipped with a lean burn engine. The lean burn engine had a displacement of 1.6 liters. The vehicle 

5 was driven in the urban area running mode, for instance, it was alternately driven in the 10-mode for a certain 
period of time and then in the 15-mode for another certain period of time, thereby examining the present and 
comparative catalysts for the conversion of CO, HC and NO x . The results of the evaluation were summarized 
in the columns designated at "Initial Conversion" in Table 1. 

After the aforementioned evaluation, each of the present catalysts and the comparative catalysts was sub- 

10 jected to a bench test on durability which utilized the same type of engine as above. Namely, each of them 
was disposed in an exhaust line of the engine, and then the engine was run for 1 00 hours while adjusting the 
temperature of the exhaust gas introduced into them at 650 °C. After this bench test was over, each of them 
was again disposed in the exhaust line of the actual vehicle. The vehicle was driven in the same manner as 
described above, thereby examining the present and comparative catalysts for the conversion of CO, HC and 

15 NO x . The results of the evaluation were summarized in the columns designated at "Conversion after Durability 
Test" in Table 1. 

Evaluation 

20 It is appreciated from Table 1 that the present catalysts with two rare-earth element ingredients loaded, 

the present catalysts with a rare-earth element ingredient and a transition element ingredient loaded were im- 
proved in terms of the NO x conversion after the durability test over the comparative catalysts with one and 
only rare-earth element ingredient loaded. 

25 Third Preferred Embodiments 

A plurality of honeycomb supports were prepared by coating them with the alumina coating layer in the 
same manner as described in the "First Preferred Embodiments" section. 

Each of the honeycomb supports with the alumina coating layer formed thereon was immersed into an 
30 aqueous platinum dinitrodiammine solution or an aqueous palladium nitrate solution, and thereafter it was 
blown to blow away the water droplets in excess. After the blowing, each of the supports was dried at 250 °C 
for 3 hours, thereby loading Pt or Pd thereon. The loading amounts of Pt or Pd are set forth in Table 2 below. 

Then, each of the supports with Pt or Pd loaded was immersed into a mixed aqueous solution which con- 
tains nitrates of alkali metals in predetermined concentrations. Each of the mixed aqueous solutions was pre- 
35 pared by mixing the nitrates of alkali metals with water so as to load the alkali metal ingredients in loading 
amounts setforth in Table 2 below. The alkali metals employed were Li, Na, K, Rb and Cs. Each of the supports 
was then blown to blow away the water droplets in excess. After drying, each of the supports was burned at 
600 °C for 1 hour, thereby completing each of the present catalysts designated at No. 30 through No. 41 in 
Table 2. 

40 

Fourth Preferred Embodiments 

A plurality of honeycomb supports with Pt loaded were prepared in the same manner as described in the 
"First Preferred Embodiments" section. Then, each of the supports was immersed into a mixed aqueous sol- 

45 ution which contains not only a nitrate of alkali metals but also a nitrate of rare-earth elements in predetermined 
concentrations. Each of the mixed aqueous solutions was prepared by mixing the nitrate of alkali metals and 
the nitrate of rare-earth elements with water so as to load the alkali metal ingredient and the rare-earth element 
ingredient in loading amounts set forth in Table 3 below. Each of the supports was then blown to blow away 
the water droplets in excess. After drying, each of the supports was burned at 600 °C for 1 hour, thereby com- 

50 pleting each of the present catalysts designated at No. 51 through No. 64 in Table 3. 

Fifth Preferred Embodiments 

A plurality of honeycomb supports with Pt loaded were prepared in the same manner as described in the 
55 "First Preferred Embodiments" section. Then, each of the supports was immersed into a mixed aqueous sol- 
ution which contains not only a nitrate of alkali metals but also a nitrate of transition elements in predetermined 
concentrations. Each of the mixed aqueous solutions was prepared by mixing the nitrate of alkali metals and 
the nitrate of transition elements with water so as to load the alkali metal ingredient and the transition element 
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ingredient in loading amounts set forth in Table 4 below. Each of the supports was then blown to blow away 
the water droplets in excess. After drying, each of the supports was burned at 600 °C for 1 hour, thereby com- 
pleting each of the present catalysts designated at No. 65 through No. 76 in Table 4. 
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Second Comparative Examples 

Second Comparative Examples, e.g., comparative catalysts designated at No. 42 through No. 50 in Tables 
2, 3 and 4, were prepared in the same manner as described in the Third, Fourth and Fifth Preferred Embodi- 
5 ments" sections except that each of the honeycomb supports with Pt or Pd loaded was immersed into an aqu- 
eous solution which contains one and only nitrate of alkali metals, thereby loading one and only alkali metal 
ingredient thereon. 

Examination for Purifying Performance 

10 

Each of the present catalysts and the comparative catalysts was disposed in an exhaust line of an actual 
vehicle equipped with a lean burn engine. The lean burn engine had a displacement of 1.6 liters. The vehicle 
was driven in the urban area running mode, for instance, it was alternately driven in the 10-mode for a certain 
period of time and then in the 15-mode for another certain period of time, thereby examining the present and 

15 comparative catalysts for the conversion of CO, HC and NO x . The results of the evaluation were summarized 
in the columns designated at "Initial Conversion" in Tables 2, 3 and 4. 

After the aforementioned evaluation, each of the present catalysts and the comparative catalysts was sub- 
jected to a bench test on durability which utilized the same type of engine as above. Namely, each of them 
was disposed in an exhaust line of the engine, and then the engine was run for 100 hours while adjusting the 

20 temperature of the exhaust gas introduced into them at 650 °C. After this bench test was over, each of them 
was again disposed in the exhaust line of the actual vehicle. The vehicle was driven in the same manner as 
described above, thereby examining the present and comparative catalysts for the conversion of CO, HC and 
NO x The results of the evaluation were summarized in the columns designated at "Conversion after Durability 
Test" in Tables 2,3 and 4. 

25 

Evaluation 

It is appreciated from Tables 2, 3 and 4 that the present catalysts with two alkali metal ingredients loaded, 
the present catalysts with an alkali metal ingredient and a rare-earth element ingredient loaded, and the present 
30 catalyst with an alkali metal ingredient and a transition element ingredient loaded were improved in terms of 
the NO x conversion after the durability test over the comparative catalysts with one and only alkali metal in- 
gredient loaded. 

Sixth Preferred Embodiments 

35 

A plurality of honeycomb supports were prepared by coating them with the alumina coating layer in the 
same manner as described in the "First Preferred Embodiments" section. 

Each of the honeycomb supports with the alumina coating layer formed thereon was immersed into an 
aqueous platinum dinitrodiammine solution and/or an aqueous palladium nitrate solution, and thereafter it was 
40 blown to blow away the water droplets in excess. After the blowing, each of the supports was dried at 250 °C 
for 3 hours, thereby loading Pt and/or Pd thereon. The loading amounts of Pt and/or Pd are set forth in Table 
5 below. 

Then, each of the supports with Pt and/or Pd loaded was immersed into a mixed aqueous solution which 
contains two nitrates of alkaline-earth metals in predetermined concentrations. Each of the mixed aqueous 
45 solutions was prepared by mixing the two nitrates of alkali metals with water so as to load the two alkaline- 
earth metals in loading amounts set forth in Table 5 below. The alkaline-earth metals employed were Ba, Mg, 
Ca and Sr, and they are combined and loaded. Each of the supports was then blown to blow away the water 
droplets in excess. After drying, each of the supports was burned at 600 °C for 1 hour, thereby completing 
each of the present catalysts designated at No. 77 through No. 90 in Table 5. 

50 
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Examination for Purifying Performance 

Each of the present catalysts and the comparative catalysts was disposed in an exhaust line of an actual 
vehicle equipped with a lean burn engine. The lean burn engine had a displacement of 1.6 liters. The vehicle 

5 was driven in the urban area running mode, for instance, it was alternately driven in the 10-mode for a certain 
period of time and then in the 15-mode for another certain period of time, thereby examining the present and 
comparative catalysts for the conversion of CO, HC and NO x . The results of the evaluation were summarized 
in the columns designated at "Initial Conversion" in Table 5. 

After the aforementioned evaluation, each of the present catalysts and the comparative catalysts was sub- 

10 jected to a bench test on durability which utilized the same type of engine as above. Namely, each of them 
was disposed in an exhaust line of the engine, and then the engine was run for 100 hours while adjusting the 
temperature of the exhaust gas introduced into them at 650 °C. After this bench test was over, each of them 
was again disposed in the exhaust line of the actual vehicle. The vehicle was driven in the same manner as 
described above, thereby examining the present and comparative catalysts for the conversion of CO, HC and 

15 NO x . The results of the evaluation were summarized in the columns designated at "Conversion after Durability 
Test" in Table 5. 

Evaluation 

20 It is appreciated from Table 5 that the present catalysts with two alkaline-earth metal ingredients loaded 

were improved in terms of the NO x conversion after the durability test over the comparative catalysts with one 
and only alkaline-earth metal ingredient loaded. Among the present catalyst, it is apparent that the present cat- 
alysts No. 77 through No. 79 on which the combination of Ba and Mg were loaded exhibited distinguished ad- 
vantageous effects over the other present catalysts. 

25 

Seventh Preferred Embodiments 

A plurality of honeycomb supports with Pt and/or Pd loaded were prepared in the same manner as descri- 
bed in the "First Preferred Embodiments" section. Then, each of the supports was immersed into a mixed aqu- 

30 eous solution which contains not only a nitrate of alkaline-earth metals but also a nitrate of rare-earth elements 
in predetermined concentrations. Each of the mixed aqueous solutions was prepared by mixing the nitrate of 
alkaline-earth metals and the nitrate of rare-earth elements with water so as to load the alkaline-earth metal 
ingredient and the rare-earth element ingredient in loading amounts set forth in Table 6 below. Each of the 
supports was then blown to blow away the water droplets in excess. After drying, each of the supports was 

35 burned at 600 °C for 1 hour, thereby completing each of the present catalysts designated at No. 95 through 
No. 111 in Table 6. 

Fourth Comparative Examples 

4Q Fourth Comparative Examples, e.g., comparative catalysts designated at No. 112 through No. 115 in Table 

6 below, were prepared in the same manner as described in the "Seventh Preferred Embodiments" section 
except that each of the honeycomb supports with Pt or Pd loaded was immersed into an aqueous solution which 
contains one and only nitrate of alkaline-earth metals, thereby loading one and only alkaline-earth metal in- 
gredient thereon. 
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Examination for Purifying Performance 

Each of the present catalysts and the comparative catalysts was disposed in an exhaust line of an actual 
vehicle equipped with a lean burn engine. The lean burn engine had a displacement of 1.6 liters. The vehicle 

5 was driven in the urban area running mode, for instance, it was alternately driven in the 10-mode for a certain 
period of time and then in the 15-mode for another certain period of time, thereby examining the present and 
comparative catalysts for the conversion of CO, HC and NO x . The results of the evaluation were summarized 
in the columns designated at "Initial Conversion" in Table 6. 

After the aforementioned evaluation, each of the present catalysts and the comparative catalysts was sub- 

10 jected to a bench test on durability which utilized the same type of engine as above. Namely, each of them 
was disposed in an exhaust line of the engine, and then the engine was run for 100 hours while adjusting the 
temperature of the exhaust gas introduced into them at 650 °C. After this bench test was over, each of them 
was again disposed in the exhaust line of the actual vehicle. The vehicle was driven in the same manner as 
described above, thereby examining the present and comparative catalysts for the conversion of CO, HC and 

15 NO x The results of the evaluation were summarized in the columns designated at "Conversion after Durability 
Test" in Table 6. 

Evaluation 

20 It is appreciated from Table 6 that the present catalysts with an alkaline-earth metal ingredient and a rare- 

earth element ingredient loaded were improved in terms of the NO x conversion after the durability test over 
the comparative catalysts with one and only alkaline-earth metal ingredient loaded. 

Eighth Preferred Embodiments 

25 

A plurality of honeycomb supports with Pt or Pd loaded were prepared in the same manner as described 
in the "First Preferred Embodiments" section. Then, each of the supports was first immersed into an aqueous 
solution which contains barium acetate in a predetermined concentration, and it was dried thereafter. Moreover, 
four aqueous solutions containing one of lithium nitrate, lanthanum nitrate, cerium nitrate and zirconium oxy- 

30 nitrate in predetermined concentrations were prepared in this order. Each of the supports was further im- 
mersed into the four aqueous solutions in the order of the preparation of the aqueous solutions, and it was 
dried thereafter repeatedly. Each of the five aqueous solutions was prepared by mixing the solutes with water 
so as to load the five ingredients in loading amounts set forth in Table 7 below. Each of the supports was then 
blown to blow away the water droplets in excess. After drying, each of the supports was burned at 600 °C for 

35 1 hour, thereby completing each of the present catalysts designated at No. 116 through No. 121 in Table 7. 

Fifth Comparative Examples 

Fifth Comparative Examples, e.g., comparative catalysts designated at No. 122 through No. 126 in Table 
40 7 below, were prepared in the same manner as described in the "Eighth Preferred Embodiments" section ex- 
cept that either one of the five ingredients was not loaded thereon. 
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Examination for Purifying Performance 

Each of the present catalysts and the comparative catalysts was disposed in an exhaust line of an actual 
vehicle equipped with a lean burn engine. The lean burn engine had a displacement of 1.6 liters. The vehicle 
was driven in the urban area running mode, for instance, it was alternately driven in the 10-mode for a certain 
period of time and then in the 15-mode for another certain period of time, thereby examining the present and 
comparative catalysts for the conversion of CO, HC and NO x . The results of the evaluation were summarized 
in the columns designated at "Initial Conversion" in Table 7. 
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After the aforementioned evaluation, each of the present catalysts and the comparative catalysts was sub- 
jected to a bench test on durability which utilized the same type of engine as above. Namely, each of them 
was disposed in an exhaust line of the engine, and then the engine was run for 100 hours while adjusting the 
temperature of the exhaust gas introduced into them at 650 °C. After this bench test was over, each of them 
5 was again disposed in the exhaust line of the actual vehicle. The vehicle was driven in the same manner as 
described above, thereby examining the present and comparative catalysts for the conversion of CO, HC and 
NO x . The results of the evaluation were summarized in the columns designated at "Conversion after Durability 
Test" in Table 7. 

10 Evaluation 

It is appreciated from Table 7 that the present catalysts with all of the five ingredients loaded were improved 
in terms of the NO x conversion after the durability test over the comparative catalysts lacking either one of 
the five ingredients. 

15 Having now fully described the present invention, it will be apparent to one of ordinary skill in the art that 

many changes and modifications can be made thereto without departing from the spirit or scope of the present 
invention as set forth herein including the appended claims. 

Disclosed are a catalyst and a process for purifying exhaust gases. The catalyst includes a porous support, 
Pt and/or Pd loaded on the porous support, and at least two ingredients loaded thereon and capable of reacting 

20 with NO x and S0 2 contained in the exhaust gases to form nitrates and composite sulfates. Since the resulting 
composite sulfates are likely to decompose at low temperatures in the oxygen-lean atmospheres (i.e., in the 
fuel-rich atmospheres), the catalyst can absorb more NO x thereon. As a result, the catalyst can purify more 
NO x . Further, a second ingredient selected from the group consisting of transition elements can substitute for 
one of the two co-catalysts. Moreover, the catalyst is superb in the NO x purifying performance even after being 

25 subjected to a harsh durability test. In the process, the catalyst is brought into contact with oxygen-rich exhaust 
gases, whose oxygen concentrations are the stoichiometric point or more required for oxidizing the compo- 
nents to be oxidized therein. 
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1. A catalyst for purifying exhaust gases, comprising: 
a porous support; and 

at least one catalyst ingredient selected from the group consisting of Pt and Pd, and loaded on said 
35 porous support; 

said catalyst is characterized in that: 

at least two ingredients selected from the group consisting of rare-earth elements including 
La is further loaded on said porous support. 

40 2. A catalyst for purifying exhaust gases, comprising: 
a porous support; and 

at least one catalyst ingredient selected from the group consisting of Pt and Pd, and loaded on said 
porous support; 

said catalyst is characterized in that: 
45 at least one first ingredient selected from the group consisting of rare-earth elements includ- 

ing La is further loaded on said porous support; and 

at least one second ingredient selected from the group consisting of Fe, Ni, Co and Mn is 
further loaded on said porous support. 

so 3. A catalyst for purifying exhaust gases, comprising: 
a porous support; and 

at least one catalyst ingredient selected from the group consisting of Pt and Pd, and loaded on said 
porous support; 

said catalyst is characterized in that: 
55 at least two ingredients selected from the group consisting of alkali metals is further loaded 

on said porous support. 

4. A catalyst for purifying exhaust gases, comprising: 
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a porous support; and 

at least one catalyst ingredient selected from the group consisting of Pt and Pd, and loaded on said 
porous support; 

said catalyst is characterized in that: 

at least one first ingredient selected from the group consisting of alkali metals is further load- 
ed on said porous support; and 

at least one second ingredient selected from the group consisting of rare-earth elements 
including La is further loaded on said porous support. 

. A catalyst for purifying exhaust gases, comprising: 
a porous support; and 

at least one catalyst ingredient selected from the group consisting of Pt and Pd, and loaded on said 
porous support; 

said catalyst is characterized in that: 

at least one first ingredient selected from the group consisting of alkali metals is further load- 
ed on said porous support; and 

at least one second ingredient selected from the group consisting of Fe, Ni, Co and Mn is 
further loaded on said porous support. 

. A catalyst for purifying exhaust gases, comprising: 
a porous support; and 

at least one catalyst ingredient selected from the group consisting of Pt and Pd, and loaded on said 
porous support; said catalyst is characterized in that: 

at least two ingredients selected from the group consisting of alkaline-earth metals are fur- 
ther loaded on said porous support. 

7. A catalyst for purifying exhaust gases, comprising: 

a porous support; and 

at least one catalyst ingredient selected from the group consisting of Pt and Pd, and loaded on said 
porous support; 

said catalyst is characterized in that: 

at least one first ingredient selected from the group consisting of alkaline-earth metals is 
further loaded on said porous support; and 

at least one second ingredient selected from the group consisting of rare-earth elements 
including La is further loaded on said porous support. 

8. A catalyst for purifying exhaust gases, comprising: 

a porous support; and 

at least one catalyst ingredient selected from the group consisting of Pt and Pd, and loaded on said 
porous support; 

said catalyst is characterized in that: 

Ba, Li, La, Ce and Zr are further loaded on said porous support. 

9. A process for simultaneously purifying carbon monoxide, hydrocarbons and nitrogen oxides in exhaust 
gases in oxygen-rich atmospheres, thereby purifying the exhaust gases, said process comprising the step 
of: 

bringing oxygen-rich exhaust gases, whose oxygen concentrations are the stoichiometric point or 
more required for oxidizing the components to be oxidized therein, into contact with a catalyst: 
said catalyst, comprising: 

a porous support; and 

at least one catalyst ingredient selected from the group consisting of Pt and Pd, and loaded 
on said porous support; 

said process is characterized in that: 
said catalyst further comprises: 

at least two ingredients selected from the group consisting of rare-earth elements in- 
cluding La, and loaded on said porous support 

10. A process for simultaneously purifying carbon monoxide, hydrocarbons and nitrogen oxides in exhaust 
gases in oxygen-rich atmospheres, thereby purifying the exhaust gases, said process comprising the step 
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of: 

bringing oxygen-rich exhaust gases, whose oxygen concentrations are the stoichiometric point or 
more required for oxidizing the components to be oxidized therein, into contact with a catalyst: 
said catalyst, comprising: 
5 a porous support; and 

at least one catalyst ingredient selected from the group consisting of Pt and Pd, and loaded 
on said porous support; 

said process is characterized in that: 
said catalyst further comprises: 
10 at least one first ingredient selected from the group consisting of rare-earth elements 

including La, and loaded on said porous support; and 

at least one second ingredient selected from the group consisting of Fe, Ni, Co and 
Mn, and loaded on said porous support. 

15 11. A process for simultaneously purifying carbon monoxide, hydrocarbons and nitrogen oxides in exhaust 
gases in oxygen-rich atmospheres, thereby purifying the exhaust gases, said process comprising the step 

of: 

bringing oxygen-rich exhaust gases, whose oxygen concentrations are the stoichiometric point or 
more required for oxidizing the components to be oxidized therein, into contact with a catalyst: 
20 said catalyst, comprising: 

a porous support; and 

at least one catalyst ingredient selected from the group consisting of Pt and Pd, and loaded 
on said porous support; 

said process is characterized in that: 
25 said catalyst further comprises: 

at least two ingredients selected from the group consisting of alkali metals, and load- 
ed on said porous support. 
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12. A process for simultaneously purifying carbon monoxide, hydrocarbons and nitrogen oxides in exhaust 
gases in oxygen-rich atmospheres, thereby purifying the exhaust gases, said process comprising the step 
of: 

bringing oxygen-rich exhaust gases, whose oxygen concentrations are the stoichiometric point or 
more required for oxidizing the components to be oxidized therein, into contact with a catalyst: 
said catalyst, comprising: 
35 a porous support; and 

at least one catalyst ingredient selected from the group consisting of Pt and Pd, and loaded 
on said porous support; 

said process is characterized in that: 
said catalyst further comprises: 

at least one first ingredient selected from the group consisting of alkali metals, and 
loaded on said porous support; and 

at least one second ingredient selected from the group consisting of rare-earth ele- 
ments including La, and loaded on said porous support. 
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13. A process for simultaneously purifying carbon monoxide, hydrocarbons and nitrogen oxides in exhaust 
gases in oxygen-rich atmospheres, thereby purifying the exhaust gases, said process comprising the step 
of: 

bringing oxygen-rich exhaust gases, whose oxygen concentrations are the stoichiometric point or 
more required for oxidizing the components to be oxidized therein, into contact with a catalyst: 
said catalyst, comprising: 

a porous support; and 

at least one catalyst ingredient selected from the group consisting of Pt and Pd, and loaded 
on said porous support; 

said process is characterized in that: 
said catalyst further comprises: 

at least one first ingredient selected from the group consisting of alkali metals, and 
loaded on said porous support; and 

at least one second ingredient selected from the group consisting of Fe, Ni, Co and Mn, and 
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loaded on said porous support 

A process for simultaneously purifying carbon monoxide, hydrocarbons and nitrogen oxides in exhaust 
gases in oxygen-rich atmospheres, thereby purifying the exhaust gases, said process comprising the step 
of: 

bringing oxygen-rich exhaust gases, whose oxygen concentrations are the stoichiometric point or 
more required for oxidizing the components to be oxidized therein, into contact with a catalyst: 
said catalyst, comprising: 

a porous support; and 

at least one catalyst ingredient selected from the group consisting of Pt and Pd, and loaded 
on said porous support; 

said process is characterized in that: 
said catalyst further comprises: 

at least two ingredients selected from the group consisting of alkaline-earth metals, 
and loaded on said porous support. 

A process for simultaneously purifying carbon monoxide, hydrocarbons and nitrogen oxides in exhaust 
gases in oxygen-rich atmospheres, thereby purifying the exhaust gases, said process comprising the step 
of: 

bringing oxygen-rich exhaust gases, whose oxygen concentrations are the stoichiometric point or 
more required for oxidizing the components to be oxidized therein, into contact with a catalyst: 
said catalyst, comprising: 
a porous support; 

at least one catalyst ingredient selected from the group consisting of Pt and Pd, and loaded 
on said porous support; 

said process is characterized in that: 
said catalyst further comprises: 

at least one first ingredient selected from the group consisting of alkaline-earth met- 
als, and loaded on said porous support; and 

at least one second ingredient selected from the group consisting of rare-earth ele- 
ments including La, and loaded on said porous support. 

A process for simultaneously purifying carbon monoxide, hydrocarbons and nitrogen oxides in exhaust 
gases in oxygen-rich atmospheres, thereby purifying the exhaust gases, said process comprising the step 
of: 

bringing oxygen-rich exhaust gases, whose oxygen concentrations are the stoichiometric point or 
more required for oxidizing the components to be oxidized therein, into contact with a catalyst: 
said catalyst, comprising: 

a porous support; and 

at least one catalyst ingredient selected from the group consisting of Pt and Pd, and loaded 
on said porous support; 

said process is characterized in that: 
said catalyst further comprises: 

Ba, Li, La, Ce and Zr loaded on said porous support. 
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(54) Catalyst and process for purifying exhaust gases. 

(57) A catalyst for purifying exhaust gases includes a 
porous support, at least one catalyst ingredient selec- 
ted from Pt and Pd, and additional ingredients includ- 
ing (1) at least two rare-earth elements including La, 
(2) at least one rare-earth element including La and at 
least one transition element selected from Fe. Ni, Co 
and Mn, (3) at least two alkali metals, (4) at least one 
alkali metal and at least one rare-earth element in- 
cluding La, (5) at least one alkali metal and at least 
one transition element selected from Fe t Ni, Co and 
Mn. (6) at least two alkaline-earth metals, (7) at least 
one alkaline-earth metal and at least one rare-earth 



element including La, or (8) Ba, Li, La. Ce and Zr. A 
process for purifying an exhaust gas, by contacting 
the catalyst with an exhaust gas, is also provided. 
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First invention: 



A catalyst for purifying exhaust gases, 
comprising: a porous support and at least 
one catalyst ingredient from the group of 
Pt and Pd, said catalyst is characterized 
by: 



Claim 1,9 
Claim 2,10 
Claim 4,12 
Claim 7,15 

Claim 8,16 



one first ingredient from the group of 
rare-earth elements; and 

one second ingredient from the group of 
rare-earth elements; or 
Fe, Ni, Co, Mn; or 
alkali metals; or 
alkaline earth metal; or 

said catalyst is characterized in that 

Ba, Li, La, Ce and Zr are further loaded 

on said porous support. 



Second invention: 



Claim 3,11 
Claim 5,13 



A catalyst for purifying exhaust gases, 
comprising: a porous support and at least 
one catalyst ingredient from the group of 
Pt and Pd, said catalyst is characterized 
by : 

one first ingredient from the group of 
alkali metals ; and 

one second ingredient from the group of 
alkali metals; or 
Fe, Ni, Co, Mn, 



Third invention: 



Claim 6,14 



A catalyst for purifying exhaust gases, 
comprising: a porous support and at least 
one catalyst ingredient from the group of 
Pt and Pd, said catalyst is characterized 
by : 

at least two ingredients from the group of 
alkaline earth metals. 



********************************************* 

The claims 1,2,4,7-10,12,15,16 relating to the first invention 
contain a common technical feature (a catalyst containing one 
ingredient of the rare earth elements and one other 
ingredient) whilst the claims of the second and third 
invention do not have this characteristic. 

Therefore the claims 3,5,6,11,13,14 are not searched without 
an additional payment of fees. 
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